ABSTRACT Fertility life tables were developed for both Trichogramma pretiosum and Trichogramma acacioi reared on Sitotroga cerealella eggs as an alternative host at Þve different temperatures. The egg parasitoids were Þrst collected from Nipteria panacea eggs, a lepidopterous pest of avocado. Egg parasitoid females were individualized in small glass vials along with 40 eggs of the host during 24 h for parasitization. For evaluation of the parasitism capacity, a similar procedure was adopted, but cardboards with eggs were replaced every day. The net reproductive rate (Ro), intrinsic rate of increase (rm), Þnite rate of increase (), and mean generation time (T) were estimated. Temperature affected all parameters for both Trichogramma species. The highest fecundity for both species was observed at 25ЊC. Extreme temperatures such as 15ЊC or 35ЊC negatively affect the development rate of both species.
EGG PARASITOID SPECIES OF THE Trichogramma genus have been used worldwide as a biological control option for pest control in different agroecosystems (Hassan 1997a) . However, the use of such biological control agents should consider the inßuence of biotic and abiotic factors that can be evaluated in behavioral studies (Hassan 1994 (Hassan , 1997a Vinson 1997) . Some of these studies have been aimed at evaluating the behavior of biocontrol agents in mass rearing conditions using alternative hosts to facilitate rearing or reduce costs. Thus, quality control parameters should also be met to assure good efÞcacy in the Þeld (Hassan 1994) .
Fertility life tables are an excellent tool for evaluating a species population dynamics and represent a method for intra-and interspeciÞc biological studies (Bleicher and Parra 1990, Pratissoli and Parra 2000a) . For intraspeciÞc analysis, the behavior of some pests was studied in well-deÞned agroecosystems using life table for pest management purposes (Horn 1988 ). For interspeciÞc analysis, studies have been carried out for evaluation of the potential of natural enemies development on host species Parra 2000a, 2001) , in different climates (Pratissoli and Parra 2000a) , and for comparison between natural enemy populations (Bleicher and Parra 1990) .
The angoumois grain moth, Sitotroga cerealella Olivier, has typically been used for rearing Trichogramma species, because mass production of this grain pest is easy and cheap (Hassan 1997b Evaluation of Parasitism Capacity. T. pretiosum and T. acacioi newly emerged females (Ͻ12 h) were individualized in glass vials (3.5 ϫ 0.5 cm diameter) containing 40 S. cerealella eggs glued on cardboard (Hassan 1997b) . These vials were tapped with polyvinyl chloride (PVC) transparent Þlm. Honey droplets were placed on the inner walls as food for the parasitoids. Thirty vials (replicates) were prepared for each species and for each temperature studied (15, 20, 25, 30 , and 35 Ϯ 1ЊC) and placed in climatic chambers. Each climatic chamber was set up at the desired temperature, 14:10 (L:D) and 70% RH. Females were allowed to parasitize and were removed after a period of 24 h. Eggs were observed on a daily basis until emergence. Developmental time and viability were recorded.
For evaluation of the parasitism capacity, 24-h-old females of each Trichogramma species for each temperature were isolated in glass vials (13.0 ϫ 1.0 cm diameter). Thirty vials (replicates) were also used for each temperature and species. Cardboard containing 40 eggs of the angoumois grain moth glued on and honey droplets were placed on each vial. The cardboard with eggs was replaced at 24-h time intervals. Vials were tapped with PVC transparent Þlm. The removed cards were individualized in transparent plastic bags (23.0 ϫ 4.0 cm) and kept at the same studied temperature until adult emergence. The number of eggs parasitized, total number of eggs parasitized per female, and female longevity were evaluated.
Fertility life tables were prepared according to Silveira Neto et al. (1976) . The net reproductive rate (Ro), intrinsic rate of increase (rm), Þnite rate of increase (), and mean generation time (T) were estimated.
Results and Discussion
The mean generation time (T) of T. pretiosum reared on S. cerealella eggs used as an alternative host decreased with increased temperature and ranged from 7.65 to 51.80 d (Table 1 ). For T. acacioi, it was also veriÞed that the mean generation time decreased with temperature increase, although this parameter was similar at 25ЊC (10.99 d) and 30ЊC (11.01 d). The mean generation time for this species ranged from 7.55 to 50.66 d ( Table 2) .
The net reproductive rate (Ro) of T. pretiosum reared on alternative host varied from 11.85 to 34.05 times. The maximum capacity of growth of this species was veriÞed at 25ЊC (Table 1 ). For T. acacioi, Ro varied from 11.89 to 43.98 times. The maximum capacity of growth was also veriÞed at 25ЊC (Table 2) . Therefore, temperatures lower or more than 25ЊC interfered with population growth capacity, although, for T. acacioi, such interference was observed at 15, 20, and 35ЊC.
For the intrinsic rate of increase (rm) of T. pretiosum, a direct relation with temperature was observed. The same occurred for T. acacioi, but in the range between 15 and 25ЊC. The largest capacity of growth in number, which is measured by the intrinsic rate of increase (rm), was observed at 35ЊC for T. pretiosum and at 25ЊC for T. acacioi (Tables 1 and 2 ).
The Þnite rate of increase () for T. pretiosum was proportionally related to temperature (Table 1 ). For T. acacioi, the relation between and temperature increase occurred for the range between 15 and 25ЊC ( Table 2 ). The value expresses the number of females added to a population per female, and it was the highest for T. pretiosum reared at 35ЊC, whereas it was the highest for T. acacioi reared at 25ЊC. The Þnite rate of increase was the lowest at 15ЊC for both species. Therefore, the lowest temperature tested should be near to the lower limit of positive population growth ( ϭ 1).
Fertility life tables have been used for evaluating potential egg parasitoid species or strains of the Trichogramma genus submitted to different factors such as temperature and host adaptability (Nagaraja 1988 , Maceda et al. 1994 , Parra 1997 , Pratissoli and Parra 2000a . Bleicher and Parra (1990) collected T. pretiosum from three different Brazilian locations (Piracicaba, Iguatu, and Goia nia) and observed that the Iguatu strain had the highest net reproductive rate. By using life table analysis, Zhang et al. (2001) showed that T. ostrininiae was not adequate for diamondback moth, Plutella xylostella (Linneaus), control. Cabello and Vargas (1988) showed that high temperatures affected the behavior of T. cordubensis. However, Pratissoli and Parra (2000a) demonstrated that not only high (Ͼ25ЊC), but also lower temperatures (Ͻ22ЊC) affected negatively the net reproductive rate of T. pretiosum. They also observed that eggs of the potato tuberworm, Phthorimaea operculella (Zeller), were a better host than eggs of the tomato leafminer, Tuta absoluta (Meirick), for T. pretiosum development.
For both species of Trichogramma, we determined that the net reproductive rate was affected negatively by temperatures below or above 25ЊC, and consequently, the population growth capacity was extremely reduced (Tables 1 and 2 ). Pratissoli and Parra (2000a) also observed similar effect on T. pretiosum for temperatures lower than 22ЊC and higher than 25ЊC. However, Salamina (1997) did not observe temperature effect on that same species reared on Alabama argillacea (Hü bner) eggs. T. pretiosum and T. acacioi reared on S. cerealella eggs showed the maximum capacity of population increase at 25ЊC. In relation to the intrinsic rate of increase, it was veriÞed that the maximum potential of population increase per time unit occurred at different temperatures for the two species studied (35ЊC for T. pretiosum and 25ЊC for T. acacioi). Both T. pretiosum and T. acacioi did not perform well at the lowest temperature (15ЊC). This behavior was also observed by Schö ller & Hassan (2001) and Zhang et al. (2001) .
Taking into consideration the number of daughters added to a population per each female (), it was veriÞed that T. acacioi can lead to a greater increment in the population, adding 43.99 individuals per generation at 25ЊC. For T. pretiosum, such an increment was lower. This species can add only 15.93 individuals per generation at 35ЊC. When T. pretiosum was reared on eggs of T. absoluta or P. operculella, leafminers of solanaceous plants, Pratissoli and Parra (2000b) observed that each female can produce 34.52 and 64.56 individuals, respectively, at 30ЊC.
The behavioral variability of species and/or strains of Trichogramma observed in this research and also noted by several other researchers seems to be related to the climatic conditions of the habitats these parasitoids occurred in as well as their hosts (Hassan 1997a , Fernandes et al. 1999 , Pratissoli and Parra 2000a , Schö ller and Hassan 2001 , Zhang et al. 2001 . Despite this variability, the use of an alternative host such as the angoumois grain moth is feasible for biological control mass rearing programs.
